We present a catalogue of 12.2-GHz methanol masers detected towards 6.7-GHz methanol masers observed in the unbiased Methanol Multibeam (MMB) survey in the longitude range 330
INTRODUCTION
The 6.7-and 12.2-GHz methanol maser transitions are two of the strongest detected towards star formation regions and both are known to trace an early evolutionary stage of highmass star formation (Ellingsen 2006) . Complementary observations of these two strong methanol maser transitions are especially useful in probing the physical conditions of the environments in which they arise (see e.g. Cragg et al. 2001; Sutton et al. 2001) , as they are typically found to be co-spatial to within a few milliarcseconds (Moscadelli et al. 2002) . This is especially likely where the spectra at the two transitions are similar . Cragg, Sobolev & Godfrey (2005) showed, through maser modelling, that the physical conditions required to produce luminous class II methanol masers in the 6.7-and 12.2-GHz transitions are similar. While there is a large amount of overlap in the conditions for the two transitions, they do not cover exactly the same regions of parameter space. Given that there are a large fraction of 6.7-GHz methanol masers devoid of 12.2-GHz methanol maser counterparts (e.g. Caswell et al. 1995; Breen et al. 2010a) , the physical conditions in these regions must be close to the point where the 12.2-GHz masers switch on or off. Due to ⋆ Email: Shari.Breen@csiro.au this, important insights can be gained if observations of the two transitions are made near-simultaneously.
A number of previous searches for 12.2-GHz methanol maser emission have been targeted towards sites of known 6.7-GHz methanol masers (e.g. Gaylard, MacLeod & van der Walt 1994; Caswell et al. 1995; B laszkiewicz & Kus 2004; Breen et al. 2010a ). These searches have had varying detection rates (between 19 and 60 per cent), partially attributable to the varying sensitivities, but also due to the biases that had been introduced in the target source lists .
Methanol maser searches such as those by Gaylard, MacLeod & van der Walt (1994) ; Caswell et al. (1995); B laszkiewicz & Kus (2004) ; Breen et al. (2010a) have shown that the flux density of 12.2-GHz methanol maser emission is only rarely larger than the associated 6.7-GHz methanol maser emission. This, coupled with the fact that there have been no serendipitous detections of 12.2-GHz masers without a 6.7-GHz counterpart, means that it is unlikely that an unbiased Galactic survey would uncover many, if any, 12.2-GHz methanol maser sites that had no detectable 6.7 GHz methanol maser emission. Due to this, a complete sample of 12.2-GHz methanol masers can be gained by targeting a complete sample of 6.7-GHz methanol masers. Therefore, the 6.7-GHz methanol masers detected in the Methanol Multibeam (MMB) survey reprec 0000 RAS sent a unique opportunity to undertake a definitive search for 12.2-GHz masers within the Galactic plane.
The MMB survey aims to search the entire Galactic plane for 6.7-GHz methanol masers within latitudes of ±2
• (Green et al. 2009 ). The southern hemisphere component of the survey has recently been completed and is producing survey results (e.g. Caswell et al. 2010; Green et al. 2010; Caswell et al. 2011 ). Since the 6.7-GHz transition of methanol exclusively traces sites of high-mass star formation (e.g Minier et al. 2003; Xu et al. 2008) , the MMB survey is the most sensitive large survey yet undertaken for young high-mass stars forming within the Galactic Plane.
We have targeted all of the southern MMB 6.7-GHz methanol masers for the presence of 12.2-GHz methanol maser counterparts. This 12.2-GHz search represents the largest, statistically robust sample of these sources; allowing us to address the role of the biases present in previous samples. Recently, Breen et al. (2011) presented a statistical analysis of the 12.2-GHz methanol maser properties associated with MMB sources that lie south of declination -20
• (Galactic longitudes ∼254
• (through 360 • ) to ∼10
• ). Here we present the first portion of the 12.2-GHz catalogue used in the analysis of Breen et al. (2011) , covering a longitude range of 330
• (through 360 • ) to 10
• . In addition to the data used in the analysis of Breen et al. (2011) , we include a third epoch of data (2010 March) . The presented longitude range is wholly included in the MMB catalogues released to date Green et al. 2010; Caswell et al. 2011 ). The remaining 12.2-GHz sources that we have observed are to be published following the publication of the MMB targets. In addition to offering a large catalogue of 12.2-GHz methanol masers, this publication allows us to draw attention to specific sources that show intriguing properties.
OBSERVATIONS AND DATA REDUCTION

12.2-GHz methanol maser observations towards MMB sources in the longitude range 330
• degrees were carried out over three sessions; June 20-25, 2008 December 5-10 and 2010 . An effort was made to carry out these 12.2-GHz follow-up observations as close as practicable to the final 6.7-GHz MMB methanol maser spectrum (which were mainly taken during 2008 March and August and 2009 March) . This is particularly important given the intrinsically variable nature of masers and allows us to meaningfully compare the source properties.
A detailed account of the observing strategy and parameters is given in Breen et al. (2011) and we give only a summary of the important specifications here. The 12.2-GHz observations were made with the Parkes 64-m radio telescope using the Ku-band receiver. This receiver detected two orthogonal linear polarisations and had typical system equivalent flux densities of 205 and 225 Jy for the respective polarisations throughout the observations in 2008 June, and slightly higher at 220 and 240 Jy during 2008 December and 2010 March. The Parkes multibeam correlator was configured to record 8192 channels over 16-MHz for each of the recorded linearly polarised signals. This configuration yielded a usable velocity coverage of ∼290 km s −1 and a spectral resolution of 0.08 km s −1 , after Hanning smoothing which was applied during the data processing. The Parkes radio telescope has rms pointing errors of ∼10 arcsec and at 12.2-GHz the telescope has a half power beam width of 1.9 arcmin. Flux density calibration is with respect to observations of PKS B1934-638, which has an assumed flux density of 1.825 Jy at 12178-MHz (Sault 2003) , and were carried out daily. From these observations we are able to conclude that the system was extremely stable over each observing run (a period of several days) and we expect our flux density measurements to be accurate to ∼10 per cent.
Sources were observed at a fixed frequency of 12178 MHz which alleviated the requirement for a unique reference spectrum to be obtained for each of the sources. Instead, all spectra collected were combined to form a much more sensitive reference bandpass made up of the median value of each of the spectral channels. This strategy allows for the most efficient usage of the observing time, as well as reducing the noise contribution from the reference to the quotient spectrum. However, this method caused the introduction of baseline ripples which we have removed during processing by subtracting a running median over 100 channels from the baseline. This method works extremely well for narrow lines such as masers, except when there is multiple strong features over a channel range comparable to the width of the running median. We have inspected each of the spectra given in Fig. 1 and believe that there is only one maser spectrum that has been evidently been distorted by our reduction method. This source, G 9.621+0.196, shows strong emission over a large velocity, and has a peak flux density that is greater than the majority of sources. The distortion appears as small negative dips flanking the peak emission, appearing to mimic absorption (features that are not present in the earlier spectrum of Caswell et al. (1995) ).
Comparison between the spectra of other strong sources we detect with those of Caswell et al. (1995) allows us to be confident that no other spectra have been distorted in this way, and therefore do not believe that this reduction artefact is responsible for any absorption features in any further sources (i.e. all other absorption features are real). We do, however, note that subtracting a running median greatly reduces the chances of detecting absorption features since they are generally much broader and weaker, comparable to the width of the subtracted running median. Where absorption is detected, the amplitude of detected absorption features is likely to have been reduced. aged and inspected for maser emission, allowing us to identify additional weak sources.
For one source, G 353.410-0.360, no usable data was obtained during a single observation (2008 Dec) made with the Parkes radio telescope. Instead, we present data taken with the University of Tasmania Hobart 26-m radio telescope (during 2010 December), made using a cryogenically cooled receiver that detects both left and right circularly polarised signals and has a typical system equivalent flux density of ∼1200 Jy. The data were recorded using a 2-bit autocorrelation spectrometer configured to record 4096 channels per polarisation over a bandwidth of 8-MHz. This configuration yielded the same channel spacing and therefore spectral resolution as achieved in the Parkes observations. An integration time of 5 minutes was used and a unique reference observation was made. Flux density calibration was similarly made with respect to PKS B1934-638 and we expect that the calibration is accurate to ∼30 per cent.
RESULTS
Observations conducted with the Parkes radio telescope over three epochs resulted in the detection of 184 12.2-GHz methanol masers towards 400 6.7-GHz methanol masers detected in the MMB survey in the longitude range 330
• (through 360
• ) to 10
• . This equates to a detection rate of 46 per cent over this longitude range. The 6.7-GHz target sources are listed in Table 1 . A search of the literature indicates that 117 of the 184 12.2-GHz methanol masers that we detect are new discoveries. References to the 67 sources detected previously are given in Table 2 . The observations targeted a total of 401 sources within the designated longitude range but G 338.925+0.634 has not been included in the detection statistics because its emission features could not be separated from nearby source G 338.926+0.634 and so we regard the two sources as one. Table 1 presents the characteristics of the targeted 6.7-GHz methanol masers and the results of the 12.2-GHz observations. For some of the analysis undertaken we required the integrated flux density data for both the 6.7 and 12.2-GHz transitions. The former was not determined in the MMB survey papers Green et al. 2010; Caswell et al. 2011 ) and we have extracted this information from the MMB 'MX' spectra. 'MX' refers to an observational mode used in MMB follow-up observations whereby a sources was tracked, and the pointing centre cycled through each of the receiver's seven beams. For internal consistency we also independently determined the peak flux density and velocity range of the 6.7-GHz emission at the same time as extracting the integrated flux density measurement. There are only minor discrepancies between our values and those reported in the MMB catalogues and these have most likely arisen from using data from slightly different epochs. In addition to the properties of the targets, this table also contains a summary of the 12.2-GHz methanol maser observation results, noting either 'detection' or the 5-σ detection limits for non-detections. Where 12.2-GHz observations were completed during two or more epochs, the data-averaged rms noise is usually a factor of √ 2 or more better than those which are listed. Table 2 presents the characteristics of the 12.2-GHz sources that we detect. Given the luxury of knowing the velocity of the 6.7-GHz maser emission, we have been able to readily and reliably identify sources that are much weaker than the 5-σ detection limits. A number of weak sources can confidently been regarded as genuine at 3-to 4-σ levels. The details presented in Table 2 follow the usual practice in column 1 where the Galactic longitude and latitude is used as a source name for each source (references to previous 12.2-GHz observations are noted as superscripts after source names); columns 2 and 3 give the source right ascension and declination; column 4 gives the epoch of the 12.2-GHz observations that are referred to in columns 5 to 8 which give the peak flux density (Jy), velocity of the 12.2-GHz peak (km s −1 ), velocity range (km s −1 ) and integrated flux density (Jy km s −1 ), respectively. Spectra for each of the 12.2-GHz detections are presented in Fig. 1 . The epoch of the observation, either 2008 June, 2008 December or 2010 March, is annotated in the top left hand corner of each of the spectra. For some weak sources, where observations were carried out over multiple epochs, the average of the spectra is presented and these are annotated with two or three observing dates in the top left hand corner of the spectrum. For one source (G 353.410-0.360 ) the presented observations were taken with the Hobart 26-m radio telescope and this spectrum is marked with 'Hobart' preceding the epoch of observation. Spectra are presented in order of Galactic longitude except for where vertical alignment of spectra corresponding to nearby sources was necessary to highlight where features of a source were also detected at nearby positions.
The velocity range of the majority of spectra is 30 km s −1 , usually centred on the velocity of the 6.7-GHz methanol maser peak emission. This method was chosen to give an immediate feeling for the basic structure of the two methanol maser transitions, in a number of cases showing that lone features detected at 12.2-GHz are associated with the 6.7-GHz peak emission. A velocity range of 30 km s −1 allows the full velocity range of the 6.7-GHz methanol maser emission to be shown in the majority of cases. For some sources, the centre velocity of the spectra had to be changed from the 6.7-GHz peak velocity in order to contain the full extent of the 6.7-GHz emission. Sources that have been vertically aligned have been plotted on the same velocity axis for ease of comparison, and often resulted in the central velocity deviating from that of the 6.7-GHz maser peak. Sources not centred on the velocity of the 6.7-GHz peak are; G 335. 060-0.427, G 337.613-0.060, G 340.785-0.096, G 348.703-1.043, G 350.340+0.141, G 351.417+0.645, G 351.417+0.646, G 351.445+0.660, G 352.083+0.167, G 352.111+0.176, G 0.647-0.055, G 0.657-0.041, G 0.667-0.034, G 2.536+0.198, G 8.683-0.368, G 9.619+0.193 .
Descriptions of specific sources of interest are presented in Section 4 and these are clearly marked with an '*' in Table 1 . Table 1 . Characteristics of the 6.7-GHz methanol maser targets as well as a brief description of the 12.2-GHz results. The full complement of 12.2-GHz source properties are listed in Table 2 . Column 1 gives the Galactic longitude and latitude of each source and is used as an identifier (a '*' following the source name indicates those with notes in Section 4); column 2 gives the peak flux density (Jy) of the 6.7-GHz sources, derived from follow-up MX observations at the accurate 6.7-GHz position unless otherwise noted; columns 3 and 4 give the peak velocity and velocity ranges (km s −1 ) of the 6.7-GHz emission respectively (also derived from Parkes MX observations); column 5 gives the integrated flux density of the 6.7-GHz sources (Jy km s −1 ). A '-' in either of the detection limit columns (i.e. columns 6, 8 or 10) indicates that no observations were made on the given epoch. The values listed in columns 6-11 are replaced with the word 'detection' where 12.2-GHz emission is observed. A 'c' in column 5 (6.7-GHz integrated flux density) indicates that the 6.7-GHz source statistics were derived from the MMB data cube, rather than follow-up MX observations which means that while the flux density and velocity ranges are a good estimate they are not as reliable as that of other sources and secondly that no integrated flux density could be computed. The presence of 'conf' in the columns showing the integrated flux density indicates that a value for this characteristic could not be extracted do to confusion from nearby sources. Columns 6-11 give the 5-σ 12. Table 2 . Characteristics of the 12.2-GHz methanol maser emission that we detect. Column 1 gives the Galactic longitude and latitude of each source and is used as an identifier; and columns 2 and 3 give the equatorial coordinates for each of the sources and have been derived from interferometric observations of the 6.7-GHz methanol masers detected in the MMB survey Green et al. 2010; Caswell et al. 2011 Gaylard & Kemball (1993) ; and are presented as superscripts after the source name (and are followed by a '*' if we fail to detect any emission). Column 4 gives the epoch of the observed data (sometimes indicating that the presented data is the average of multiple epochs) presented in columns 5 -8 which give the peak flux density (Jy) or 5-σ detection limit, velocity of the 12.2-GHz peak (km s −1 ), velocity range (km s −1 ) and integrated flux density (Jy km s −1 ), respectively. The presence of a '-' in any of the columns showing source flux density indicates that no observation was made at the given epoch. The presence of a 't' in any of the columns indicates that the characteristics associated with a source are discussed in Section 4. The presence of 'conf' in the columns showing the integrated flux density indicates that a value for this characteristic could not be extracted do to confusion from nearby sources. Detection limits that are followed by ' * ' indicate that while no detection was made at the given epoch, emission is detected in the average spectrum. Flux densities derived from averaged spectrums are followed by a ' α '. For one source, observations from the Hobart radio telescope are presented and this is indicated by the presence of a ' β ' following the flux density measurement. 
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INDIVIDUAL SOURCES
Here we draw attention to specific sources for which the information in Table 2 and Fig. 1 Fig. 1 . Both water maser and OH maser emission have been detected at this site (Caswell 1998; Breen et al. 2010b ). The methanol maser emission at 6.7-GHz shows strong evidence for periodicity (Goedhart, Gaylard & van der Walt 2004 ) and extrapolation of their light-curve is consistent with our 12.2-GHz observations.
G 331.278-0.188. 12.2-GHz emission peaks at a velocity of -78.8 km s −1 and is similar to the spectrum reported by Caswell et al. (1993) , coincident with a 6.7-GHz secondary feature. At this velocity the 12.2-GHz emission is 76 Jy, stronger than the 46 Jy 6.7-GHz emission observed two months later. A spectrum comparing the two transitions is shown in Fig. 5 and is similar to the results of near-simultaneous observations made with Hobart. This methanol maser site is associated with OH and water maser emission (Caswell (1998); Breen et al. (2010b) ).
G 331.342-0.346. 12.2-GHz observations were made during all three epochs. Weak emission was first identified in the average of the 2008 June and December spectra and confirmed in 2010 March. The spectrum presented in Fig. 1 is the average of all epochs and has had additional smoothing over four channels. This source shows weak (0.2 Jy) emission at the velocity of the strongest 6.7-GHz feature (86 Jy), and shows a slightly stronger feature (0.4 Jy) at the velocity of a very weak 6.7-GHz feature at ∼-71.3 km s −1 . Emission from both OH and water masers are also present at this site (Caswell (1998); Breen et al. (2010b) ).
G 331.900-1.186. Observations were carried out during all three epochs and no individual epoch revealed any discernible emission. However, the average of the three observations shows weak 12.2-GHz emission. The spectrum presented in Fig. 1 has been smoothed over an additional 4 channels. While the signal-to-noise in the averaged spectrum is still very low, the two spectral features are coincident in velocity with 6.7-GHz methanol maser features. Interestingly, the slightly weaker 12.2-GHz feature at -59.1 km s −1 is only 0.3 Jy at 6.7-GHz.
G 333.068-0.447. 12.2-GHz emission was detected at a peak flux density of 0.4 Jy in 2008 December at the velocity of the 6.7-GHz peak, but no emission was detected at 12.2-GHz in 2008 June (5-σ detection limit of 0.75 Jy). The spectrum shown in Fig. 1 is from 2010 March when the emission was at its strongest (0.7 Jy).
G 333.135-0.431. No 12.2-GHz observations were directed towards this source. We derive emission upper limits (presented in Table 1 ) from observations of G 333.128-0.560 which is located 38 arcsec away. Since the nearby source has an overall integration time of 20 minutes, the epochaveraged detection limit at the offset position is comparable to the majority of sources which had integration times of 5 to 10 minutes. G 333.646+0.058. Emission at 12.2-GHz (0.6 Jy) was detected in 2008 June and 2010 March at the velocity of the 6.7-GHz peak and the average of the two epochs is shown in Fig. 1 . However, observations in 2008 December showed no emission (5-σ detection limit of 0.75 Jy). Emission from the 22-GHz transition of water is also found towards this site (Breen et al. 2010b ). showing stronger emission at 12.2-GHz (1.9 Jy) than at 6.7-GHz (∼0.2 Jy). The 6.7-GHz observations were carried out 4 months prior to the 12.2-GHz follow-up observations. G 335.556-0.307. The major feature at 12.2-GHz is at the velocity of the 6.7-GHz peak. A secondary feature at -114.7 km s −1 has a peak flux density of 5.3 Jy compared to the corresponding 6.7-GHz feature of 4.4 Jy. The 6.7-GHz observations were carried out 4 months prior to the 12.2-GHz follow-up observations. G 335.789+0.174. The peak of the 12.2-GHz emission is at the velocity of a secondary feature in the 6.7-GHz spectrum and is marginally stronger at 12.2-GHz (162 Jy) than at 6.7-GHz (145 Jy). Near-simultaneous observations carried out with Hobart (discussed in Section 5.4) confirm that this is not a consequence of variability between the Parkes 6.7-and 12.2-GHz epochs. Breen et al. (2010b) detect a somewhat variable water maser at this location, with a 3 Jy detection during observations conducted in 2003, but no detectable emission above 0.2 Jy in 2004. Caswell (1998) detected an OH maser at this location. Longer term variability at 12.2 GHz, since the observations of Caswell et al. (1993) has been small. G 336.864+0.005 and G 336.881+0.008. 12.2-GHz emission (0.5 Jy) was detected towards relatively strong Caswell (1998) detected an OH maser. 12.2-GHz observations of G 336.881+0.008 were made at the half power point of the primary beam during observations targeting G 336.864+0.005 (offset ∼1 arcmin) and we have adjusted our detection limit accordingly.
G 336.957-0.225. 12.2-GHz emission consists of two main features, the first is at the velocity of the 6.7-GHz maser and is also the stronger 12.2-GHz feature. The second has a velocity of -67.4 km s −1 and is stronger at 12.2-GHz (0.8 Jy) than at 6.7-GHz (0.4 Jy). These 12.2-GHz observations were carried out 4 months after the 6.7-GHz observations. G 337.703-0.053 and G 337.705-0.053 . These methanol masers are separated by only 9 arcsec. Strong 12.2-GHz methanol maser emission is detected at the stronger of the two 6.7-GHz maser sites, G 337.705-0.053, which is also the location of an OH maser (Caswell 1998; Caswell, Kramer & Reynolds 2011) . It is difficult to determine if the weaker 6.7-GHz methanol maser site has any associated 12.2-GHz maser emission within the overlapping velocity range of the two sources, but, since there is no 12.2-GHz emission towards the strongest feature of G 337.703-0.053 we list it as a non-detection. Spectral features at 12.2-GHz have changed little since the observations of Caswell et al. (1993) conducted 20 years ago.
G 338.075+0.012. No 12.2-GHz emission is associated with the 6.7-GHz emission peak at -44 km s −1 (14 Jy) but relatively strong emission is detected towards a 6.7-GHz secondary feature at -53.1 km s −1 (8.3 Jy). We attribute the detected 12.2-GHz emission to this site rather than to companion site G 338.075+0.009, offset by 9 arc-sible 12.2-GHz contributions from G 338.926+0.634. Due to this, we regard the two sources as a single site for the purposes of the analysis presented here, as well as that presented in Breen et al. (2011) . G 339.622-0.121. The main 12.2-GHz feature is weaker by a factor of 5 than in 1988 , and a periodicity of 202 days has been recognised in the 6.7-GHz emission (Goedhart, Gaylard & van der Walt 2004) . Fig. 5 . This unique source shows a multitude of other class II methanol maser transitions, yielding detections in at almost all of the transitions observed (e.g. Ellingsen et al. 2004; Val'tts 1998, and references therein) . This site additionally harbours strong radio continuum and a weak, variable water maser (Breen et al. 2010b) , as well as an OH maser (Caswell 1998) .
Comparison with the 1988 spectrum of Caswell et al. (1993) shows that this source has varied quite markedly, unlike nearby source G 345.012+1.797 which has remained more stable.
G 347.863+0.019. 6.7-GHz observations in 2008 Aug revealed emission between -37.6 and -28.1 km s −1 , peaking at 6.4 Jy at a velocity of -34.7 km s −1 . 12.2-GHz observations during 2008 June (2 months prior to the 6.7-GHz observations) showed similar but weaker emission associated with the strong 6.7-GHz features, as well as an additional feature at -23.7 km s −1 (0.7 Jy), outside the velocity range of the 6.7-GHz emission. The nearby source G 347.813+0.018 has 6.7-GHz emission over a velocity range covering this additional feature, but no feature at this velocity. Furthermore, no 12.2-GHz emission was detected toward G 347.813+0.018. G 347.863+0.019 is therefore another candidate that needs further observations to see if the 12.2-GHz emission truly dominates at the -23.7km s −1 feature.
G 348.195+0.768. Weak 12.2-GHz emission was detected towards this 6.7-GHz source during both epochs at the velocity of the 6.7-GHz peak emission. Given the limited signal-to-noise, Fig. 1 shows the average spectrum.
G 348. 550-0.979 and G 348.550-0.979n . These 6.7-GHz methanol masers are separated by only 2 arcsec and have some overlap in velocity range. There is 12.2-GHz emission associated with both sources which is easily separated since features are confined to the velocity ranges which are unique to each source. Both 12.2-GHz sources appear to have halved in flux density since their observation in 1988 ).
G 349.799+0.108. A comparison between the 6.7-and 12.2-GHz emission is shown in Fig. 5 and reveals strong emission at both transitions. The feature between -20 and -21.5 km s −1 is twice as strong at 12.2-GHz as it is at the usually stronger 6.7-GHz transition (19 Jy compared with 10 Jy).
G 350.105+0.083. The prominent 12.2-GHz absorption towards this source, first recognised by Caswell et al. (1995) , is easily identifiable in the current spectrum. The strongest emission feature at -74.1 km s −1 has decreased in flux density by about a factor of 4 since the observations of Caswell et al. (1995) made in 1992. G 351.417+0.645, G 351.417+0.646 and G 351.445+0.660. G 351.417+0.645 and G 351.417+0.646 are 6.7-GHz sources separated by ∼2 arcsec. Because they are so close, strong and have overlapping velocity ranges, they are very difficult to separate using single dish data. Due to this, Table 1 presents 6.7-GHz velocity ranges as published in Caswell (2009) from ATCA observations. There is undoubtedly 12.2-GHz emission associated with both of these 6.7-GHz sources given the velocity of the detected spectral features. Norris et al. (1993) present VLBI maps of the methanol masers associated with this region and show that the two sources are quite heavily blended together.
Located near G 351.417+0.645 and G 351.417+0.646 lies a very strong water maser (1400 Jy) as well as an OH maser (Breen et al. 2010b; Caswell 1998) In the Galactic longitude range 330
• to 10 • we find 12.2-GHz methanol maser emission towards 46 per cent of the 400 6.7-GHz methanol masers searched. In comparison, the detection rate towards the full 580 6.7-GHz methanol masers south of declination -20
• was 43 per cent . The slightly higher detection rate in the portion of the Galactic plane presented in this catalogue is not unexpected since it encompasses the 335
• to 340
• longitude region, noted by Breen et al. (2011) as having a significantly higher 12.2-GHz detection rate than other portions of the Galactic plane. Fig. 2 shows the distribution of 6.7-GHz methanol masers in this portion of the Galactic plane, as well as the distribution of line-of-sight velocities versus Galactic longitude. In this figure, the 6.7-GHz sources with associated 12.2-GHz methanol masers have been distinguished from those without by the use of different symbols. The distribution of the 6.7-GHz methanol masers with and without 12.2-GHz counterparts appears to be approximately random, with the exception of the notable dominance of 12.2-GHz sources in the 330
• longitude region (as described in Breen et al. (2011) ).
Survey completeness
The completeness of our search can be meaningfully tested since we know the peak velocity of the 6.7-GHz methanol maser emission, and that 80 per cent of 12.2-GHz methanol masers share their peak velocity with their 6.7-GHz methanol maser counterpart . Using the method known as 'stacking' we have averaged all of our 12.2-GHz non-detections (from the 2008 June and December epochs) after first aligning them at their 6.7-GHz methanol maser peak velocity. Any non-detections that were contaminated by absorption or emission from neighbouring sources were excluded from this analysis. A total of 277 12.2-GHz spectra were 'stacked' (for some sources spectra from both epochs have been included) and resulted in an averaged spectrum with an rms noise of 9 mJy, measured over a 100 km s −1 velocity range centred on the velocity of the 6.7-GHz methanol maser peak emission. The resultant 'stacked' spectrum presented in Fig. 3 shows no emission beyond the 4-σ level.
Since 12.2-GHz methanol masers are chiefly detected towards stronger 6.7-GHz sources, we have conducted further, luminosity-based tests of the completeness. For this test, only the 12.2-GHz non-detection spectra observed towards 6.7-GHz methanol masers with luminosities greater than the average luminosity (71 sources) were 'stacked'. All luminosities were calculated using the near distance determined using the prescription of Reid et al. (2009) . The resultant 'stacked' spectrum had an rms of 0.015 Jy, and no emission above 0.04 Jy.
We conclude that the 12.2-GHz non-detections, on average, have no emission above a flux density of 0.09 Jy (10 times the rms of the stacked spectrum presented in Fig. 3 ) at the velocity of the 6.7-GHz methanol maser peak. Therefore, we are confident that there are few 12.2-GHz methanol masers just below our detection limit, and consequently sensitivity biases do not have a large influence on the results presented here, or on the conclusions drawn in Breen et al. (2011) . 
Luminosity relationship of individual features
In Breen et al. (2011) we presented a preliminary analysis of luminosity ratio of individual maser features as a function of 6.7-GHz methanol maser luminosity. In that analysis the near kinematic distances were assumed for the five sources presented, since the distance ambiguities were unable to be resolved. Here we repeat the analysis, using kinematic distances that have been resolved using Hi self absorption data (Green & McClure-Griffiths 2011) . Breen et al. (2010a) recognised a relationship between the ratio of 6.7:12.2-GHz peak flux densities with the luminosities of the respective data. They found that the ratio of 6.7:12.2-GHz peak flux density apparently increased with increasing 6.7-GHz methanol maser luminosity; implying that as the sources evolved the 6.7-GHz peak flux density increased more rapidly then the associated 12.2-GHz maser emission. Breen et al. (2011) confirmed this trend with a more thorough analysis of a larger number of sources. Analysis of the 6.7:12.2-GHz peak flux density ratio as a function of 6.7-GHz methanol maser luminosity of the multiple Figure 3 . 'Stacked' spectrum of all 12.2-GHz non-detections aligned at the velocity of the associated 6.7-GHz methanol maser peak. The rms of the spectrum is 0.009 Jy.
individual features (present in both the 6.7-and 12.2-GHz spectra) of a group of sources has the potential to lend further insights into this phenomenon as the evolutionary stage of the exciting star will be common to individual maser features.
We have selected 20 methanol masers from our sample which show four or more spectral features at both 6.7-and 12.2-GHz, and also have had their kinematic distance ambiguities resolved (Green & McClure-Griffiths 2011) . Luminosities of individual features have been calculated by multiplying their respective peak flux density by the square of the distance (giving units of Jy kpc 2 ). Fig. 4 displays the ratio of 6.7:12.2-GHz luminosity of individual features as a function of the 6.7-GHz luminosity. In the top portion of the figure, the features detected at both maser frequencies are represented by dots, and triangles show lower limits on the ratios of 6.7-GHz features with no detectable 12.2-GHz counterpart. Individual sources are colour-coded which shows, firstly, that all points associated with a single source are generally clustered together, and secondly, that the lower limits on ratios of features with no detected 12.2-GHz emission lie on the outskirts of the clustered dots associated with each individual source.
The bottom half of Fig. 4 shows an ellipse for each of the 20 methanol maser sources presented in the top figure, representing the parameter space covered by all of the features associated with a single source. For each source we show the 80 per cent confidence ellipse and these were chosen as they do a good job of estimating the parameter space covered by all the features of each single source, even though a normally distributed data set is assumed. The 80 per cent confidence ellipse actually represents the region where we can be 80 per cent confident that the true centre of the data associated with each source lies, and is achieved by superimposing normal probability contours over the data associated with each source. Only 10 of the 131 data points associated with the 20 sources lie beyond the boundary of their associated ellipse, and in every case these data points fall only just beyond the boundary of the fitted ellipse. For comparison, we have also drawn the 90 per cent confidence ellipse associated with all of the data points associated with all of the 20 sources (which similarly encompasses all but 14 of the 131 data points). It is evident on comparison of the individual source ellipses with the entire dataset ellipse that the scatter is much less in individual sources than the whole dataset; in fact, the median area covered by the individual sources as a percentage of the total population ellipse is ∼20 per cent.
The data presented in Fig. 4 is consistent with the findings of Breen et al. (2011) , and supports the idea that the luminosities of the sources are changing as a function of evolution. This is evident from the fact that the scatter in the values of individual sources is much less than is present in the full dataset comprising the 20 sources. The top part of the figure additionally shows that the non-detections of some features at 12.2-GHz are not primarily due to sensitivity limitations, since the ratio lower limits are located away from the detected features which are clustered together.
6.7-GHz sources with stronger 12.2-GHz features
From previous observations and from maser pumping models, 12.2-GHz methanol masers are expected to be weaker than their 6.7-GHz counterparts. We find, of the 400 observed 6.7-GHz methanol maser sources, 11 exhibit stronger emission at 12.2-GHz than at 6.7-GHz, in at least one spectral feature and these are shown in Fig. 5 (i.e. 3 per cent of sources). Only one source, G 345.010+1.792, has a higher peak flux density at 12.2-GHz. The analysis of the individual features of the 20 sources studied in Section 5.3 shows that 1.6 per cent of their individual features show larger flux densities at 12.2-GHz than at 6.7-GHz. In some cases, the apparently stronger 12.2-GHz may be a result of variability between the observations epochs, which were commonly separated by at least 3-4 months.
In an attempt to investigate the relative age of these unusual sources, we have considered both the 6.7-GHz luminosities (which are thought to increase with evolution (e.g. Breen et al. 2010a Breen et al. , 2011 Wu et al. 2010) ), and associations with other tracers. We find that the average luminosity of these 6.7-GHz methanol masers is comparable to the average luminosity of the full sample of 6.7-GHz methanol masers with associated 12.2-GHz sources. Comparison between these sources and the locations of extended green objects (Cyganowski et al. 2008 ) and OH masers (Caswell 1998 ) also provides no clear insights, since some are associated with neither tracer, some with both and others with either an extended green object or an OH maser. Therefore we find no evidence that these sources are associated with a particular evolutionary stage in the methanol maser lifetime.
In order to determine if it is variability that is responsible for the apparently stronger 12.2-GHz maser emission, we conducted near simultaneous observations (at both frequencies) of three sources, using the Hobart 26-m radio telescope. These three sources (G 331.278-0.188, G 335.789+0.174 and G 338.561+0.218) were selected from the list of 11 sources which showed stronger emission in at least one spectral feature at 12.2-GHz, primarily on the basis of their large flux densities. Observations were completed during 2010 October 20 and 22 at 12.2-and 6.7-GHz respectively. Remarkably, all three sources show very similar spectrain these observations Figure 5 . Comparison between the 12.2-GHz emission (black) and 6.7-GHz emission (grey) for sources showing stronger emission at 12.2-GHz for at least one spectral feature. c 0000 RAS, MNRAS 000, 000-000
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• longitude 33 as those presented in Fig. 5 . It is therefore unlikely that variability is a viable explanation for a large fraction of the 11 12.2-GHz methanol masers that show stronger emission in this transition than at 6.7-GHz. Given that there are no systematic differences in the properties associated with these sources, it appears that the most likely explanation is that it is not remarkable to have ∼3 per cent of sources showing stronger emission at 12.2-GHz than at 6.7-GHz in a single feature. In fact, a similar number of 6.7-GHz methanol masers with high luminosities show either no 12.2-GHz emission, or extremely weak 12.2-GHz emission relative to their emission at 6.7-GHz. Furthermore, since the integrated flux density of these 12.2-GHz masers is never larger than that of the 6.7-GHz methanol maser, perhaps the most plausible explanation lies in the stochasticity of the maser process; it is quite conceivable that these 12.2-GHz features are just experiencing more favourable path lengths than their 6.7-GHz counterparts. We can further investigate the relationship between the relative intensities of the 6.7-and 12.2-GHz maser emission through the results shown in Figure 4 . This shows that it is not uncommon for the intensity ratio between 6.7-and 12.2-GHz methanol masers at the same velocity to vary by more than an order of magnitude within an individual maser region. This shows that although the two transitions are usually observed to be co-spatial on milliarcsecond scales (Moscadelli et al. 2002 ) the variations in the physical conditions on scales of 10 17 cm (6000 au) (Caswell 1997 ) are sufficient to cause significant differences in the relative strength of the 6.7-and 12.2-GHz maser emission. This suggests that the stochastic nature of the masing process causes fundamental limits in the ability of multi-transition modelling of masers to measure the physical conditions at very high angular resolutions, such as has been attempted by Cragg et al. (2001) and Sutton et al. (2001) . The effect of stochastic processes (both variations in the physical conditions along the path and the turbulence of the velocity field) on the observed intensity ratios involving the rarer methanol transitions are likely to be even greater, as the degree of saturation is likely to be less than it is for the 6.7 and 12.2 GHz transitions. This source of uncertainty is likely to dominate compared to considerations such as variability due to non-simultaneous observations of the different transitions.
SUMMARY
We present 184 12.2-GHz methanol masers detected towards the complete sample of 6.7-GHz methanol masers detected in the MMB survey in the longitude range 330
• . This catalogue represents the largest, most sensitive, systematic search for 12.2-GHz methanol masers targeted towards a complete sample of 6.7-GHz methanol masers. Over this longitude range we find a detection rate of 46 percent and have discovered 117 new 12.2-GHz methanol maser sources. We have tested the completeness of our 12.2-GHz search and conclude that, on average, 12.2-GHz nondetections have no emission above a flux density of 0.09 Jy.
Individual interesting sources are highlighted and discussed, especially those which unexpectedly have stronger emission at 12.2-GHz than at 6.7-GHz. We suggest that the relatively small number of sources that show stronger emission at 12.2-GHz is consistent with expectations due to the stochasticity of the maser process, and find no evidence that these sources share a common evolutionary stage.
An investigation of the individual spectral features of 20 sources exhibiting both 6.7-and 12.2-GHz emission has revealed trends that are consistent with their luminosities as well as their flux density ratios being governed by the evolutionary stage of each source. This result is in agreement with previous studies.
Electronic versions of all of the 6.7-GHz MMB detections are available at www.astromasers.org or www.manchester.ac.uk/jodrellbank/mmb and we anticipate adding digital versions of the 12.2-GHz data in the near future, allowing for detailed comparisons between individual spectra.
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